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Description 

[0001] The present invention relates to an inkjetprint- 
erfor recording text, symbols, images, and otherprinting 
data by ejecting minute ink drops, and relates particu- 
larly to a control method for an ink jet printer whereby 
clogging of nozzles by ink that has become more vis- 
cous in the area of the nozzles is prevented. 
[0002] Various methods of driving the nozzles of an 
ink jet recording device to eject recording ink from the 
nozzles have been disclosed and are today used on 
such ink jet recording devices. These methods include 
using a piezoelectric element as the driving means as 
taught in J P-B-2-5 1734/1 990; ejecting ink using a heat- 
ing element for heating the ink as disclosed in JP-B- 
61 -5991 1/1 986; and ejecting ink from the nozzles by us- 
ing an electrostatic actuator to vibrate a diaphragm by 
means of electrostatic force. 

[0003] Generally speaking, such ink jet printers buffer 
an image signal to a RAM or other storage device, and 
then selectively drive the appropriate pressure generat- 
ing means, i.e., piezoelectric element, heating element, 
or electrostatic actuator, disposed near each nozzle to 
eject ink and print on a recording medium based on the 
buffered image signal data. 

[0004] A problem common to each of these ink jet 
printer designs is that when ink is not ejected from the 
nozzles for a certain period of time, ink around the noz- 
zles tends to dry due to evaporation of moisture or other 
ink solvent. This results in increased viscosity in ink near 
the nozzles. 

[0005] When the viscosity of ink nearthe nozzles thus 
rises, the nozzles tend to become clogged, thus com- 
pletely preventing ink from being ejected during printing, 
or preventing ink from being ejected at the normai dot 
size and speed. This increased ink viscosity can also 
slow the refill rate of ink to the nozzles, thereby prevent- 
ing the nozzles from being refilled at the same rate ink 
is ejected. Air can become mixed with the ink when this 
happens, thus preventing ink drops from being ejected. 
[0006] To avoid the above problems, many ink jet 
printers cover the nozzles with a cap when printing (re- 
cording) is not in progress. This prevents the nozzles 
from drying, and prevents an increase in the viscosity of 
Ink around the nozzles. 

[0007] In addition to such methods of covering the 
nozzles with a cap, many methods of preventing ink 
blockage near the nozzles by regularly ejecting micro- 
drops of ink from all nozzles separately from the printing 
process have also been proposed. These methods also 
help maintain and recover printing performance. 
[0008] Exemplary of these methods is the recovery 
process method disclosed in JP-B-6-391 63/1 994 for re- 
liably expelling high viscosity ink without introducing air 
to the nozzles even when the viscosity of ink around the 
nozzles rises. This is accomplished by setting the ink jet 
head drive frequency used during the recovery ejection 
operation lower than the highest drive frequency used 



when recording text or images. 
[0009] Methods other than expelling high viscosity ink 
to recover the nozzles have also been disclosed. Exem- 
plary of these is the method disclosed in JP-A- 
5 56-129177/1981 for preventing nozzle clogging due to 
dry ink around the nozzles by using an oscillator to vi- 
brate the ink at the resonance frequency of the ink jet 
head and mobilize the ink when recording is not in 
progress. 

10 [0010] The various methods described above, how- 
ever, leave the following problems unresolved. 

(1) Each of the above methods requires two drive 
frequencies, a recording frequency for ejecting ink 

'5 drops during recording, and a nozzle recovery fre- 
quency for driving a pressure generating means to 
prevent clogging, and these two frequencies must 
be used appropriately. 

The drive circuit and control thereof are thus com- 
20 piex. 

(2) When an ink jet head having high viscosity ink 
around the nozzles is driven at a frequency lower 
than a drive frequency used during normal record- 
25 ing as taught in JP-B-6-391 63/1 994, it can be diffi- 
cult to expel high viscosity ink in ink jet heads in 
which the pressure generated by the pressure gen- 
erating means is itself low. This method therefore 
cannot be used with all types of ink jet printers. 

30 

(3) The viscosity also rises throughout the upstream 
ink path leading to the nozzles, and not just around 
the nozzles, after a certain amount of time has 
passed even if the ink is mobilized by vibrating the 

55 ink ai Lhe resonance frequency of the ink jet head 
when recording is not in progress as taught in JP-A- 
56-129177/1981. Ink ejection thus eventually be- 
comes impossible. As a result, this method cannot 
be used for applications in which normal ink jet re- 
40 cording is not performed for a certain period of time, 
i.e., a no-ejection condition continues for a certain 
period of time. 

(4) When recording is not in progress the Ink vis- 
45 cosity increases around all of the nozzles. 

During recording, however, fresh ink is constantly 
supplied to frequently used nozzles and the ink vis- 
cosity at those nozzles is therefore low while the ink 
viscosity around less frequently used nozzjes in- 
so creases. This means that both high viscosity and 
low viscosity nozzles can be found in the same ink 
jet head during recording. While the less frequently 
used nozzles could be maintained by frequent 
maintenance (recovery) ejection therefrom, this ne- 
55 cessitates analyzing the recording data to deter- 
mine the no-ejection time for each nozzle. This, 
however, is difficult to accomplish for each of the 
more than one-hundred or so nozzles on an ink jet 
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head. A method whereby all nozzles are regularly 
operated for nozzle recovery is therefore used on 
the assumption that none of the nozzles has ejected 
once since the last operation. This method, howev- 
er, results in the wasteful consumption of ink by fre- s 
quently used nozzles, nozzles for which such noz- 
zle recovery ejection is not necessary. 

[0011] The closest prior art document EP-A-0 574 01 6 
discloses an ink jet printer and a method of driving an 
Inkjet type line printer comprising a plurality of nozzles 
for ejecting ink drops, a corresponding plurality of pie- 
zoelectric pressure generating elements for pressuriz- 
ing ink in the respective nozzles, and means for trans- 
porting said nozzles relative to a printing medium for 
printing on the printing medium in accordance with print 
data, said method comprising generating a reference 
signal of a single frequency, applying to each of said 
pressure generating means synchronized to the refer- 
ence signal either a first type electric pulse of an ampli- 
tude enabling ink drop ejection, or a second type electric 
pulse of an amplitude lower than that of the first type 
electric pulse for mobilizing ink inside a nozzle. During 
printing the first type pulse is applied to each pressure 
generating element associated with a nozzle that is to 
print a dot, while the second type pulse is applied to each 
pressure generating element associated with a nozzle 
that is not to print a dot. Ink near the nozzle associated 
with pressure generating elements energized by the 
second type pulse is mobilized but not ejected thereby 
retarding the nozzle clogging. While the printer is not 
used at all for an extended period of time, the second 
type pulse is applied to all pressure generating ele- 
ments. Though this cannot prevent nozzle clogging it ex- 
iends ihe aiiowabie time of non-use after which any noz- 
zle clogging may still be removed by what is called a 
"flushing operation" in the document. Even in thatcase ! 
if the period of non-use of the printer exceeds a certain 
time, nozzle clogging occurs to such an extent that a 
"cleaning operation" rather than a flushing operation is 
required to recover the nozzles. The document de- 
scribes that the time required for such cleaning opera- 
tion can be reduced by applying the second type pulse 
to the pressure generating elements for a given period 
of time before the cleaning operation is performed. 
Thus, in this prior art, a series of second type pulses 
followed by a cleaning operation is performed to recover 
the nozzles from nozzle clogging rather than to prevent 
the nozzle clogging, 

[0012] An object of the present invention is therefore 
to provide an ink jet printer whereby nozzle clogging can 
be reliably prevented by means of a simple method and 
construction, thereby resolving the above problems. 
[0013] A further object of the present invention is to 
reduce the amount of ink consumed by the recovery 
process for preventing nozzle clogging. 
[0014] These objects are achieved with a method as 
claimed in claim 1 and an ink jet printer as claimed in 



claim 7. 

[0015] In accordance with the present invention, the 
second type electric pulse is applied a plurality of times 
to a pressure generating means, and the first type elec- 
tric pulse is then applied. This sequence is repeated one 
or more times. Applying the second type electric pulse 
mobilizes ink in which there are localized increases in 
viscosity, notably nearthe nozzle. Mobilization thus low- 
ers the viscosity of ink nearthe nozzle, and the first type 
electric pulse is then applied to eject an ink drop from 
the nozzle. The invention enables reliable ink ejection 
and nozzle recovery even in Inkjet printers in which the 
pressure generated by the pressure generating means 
is low. Since the recovery process is executed in re- 
sponse to a print command, e.g., after receipt of a print 
command and before printing or once every print line, 
not only can nozzle clogging be prevented but also a 
uniform print quality ensured. The nozzle recovery proc- 
ess can also be performed at a regular interval during 
printer standby states, or appropriately according to 
conditions. 

[001 6] Preferably, the second type electric pulse is al- 
so used during a printing process. Specifically, the first 
type electric pulse is applied selectively to pressure gen- 
erating means according to the printing content to eject 
ink drops from one or more nozzles, and the second type 
electric pulse is applied to those nozzles to which the 
first type electric pulse is not applied. This suppresses 
an increase in the viscosity of ink in less frequently used 
nozzles. More specifically, this reduces differences in 
ink viscosity resulting from differences in the frequency 
of nozzle use in the same ink jet head. It is therefore 
possible to increase the interval between nozzle recov- 
ery ejection operations, and thereby decrease wasteful 
ink uonsurTiptiun from the nozzle recovery process. This 
method is particularly effective in color ink jet printers 
where differences in the frequency of nozzle use occur 
easily. 

[0017] The rhethod of the present invention can be 
used in any ink jet printer using pressure generating 
means whereby ink drops can be ejected, or ink inside 
a nozzle can be mobilized without ejecting an ink drop, 
by changing the amplitude of the drive pulse applied to 
a pressure generating means. 

[0018] For example, the present invention can be 
used when the pressure generating means is an elec- 
trostatic actuator comprising a diaphragm that is dis- 
placed by electrostatic force as taught in JP-A- 
7-81088/1995. As described in this document, a resid- 
ual charge accumulates in the diaphragm when a pres- 
sure generating means of this type is driven for a pre- 
scribed time : and the relative displacement of the dia- 
phragm tends to decrease. By applying a second type 
electric pulse of a polarity different from that of the first 
type electric pulse, however, an increase in viscosity 
near the nozzle can be prevented, and the residual 
charge can be simultaneously removed. 
[0019] An ink jet printer having a plurality of nozzles 
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for ejecting ink drops, pressure generating means dis- 
posed corresponding to said nozzles for pressurizing ink 
in said nozzles, and means for transporting said nozzles 
relative to a printing medium for printing, comprises ac- 
cording to a further embodiment of the present invention 
a common terminal connected in common to each of 
said pressure generating means, a plurality of segment 
terminals connected individually to said pressure gen- 
erating means, first drive means for applying a first type 
electric pulse to the common terminal, and second drive 
means for applying a second type electric pulse of an 
amplitude different from the amplitude of the first type 
electric pulse to a segment terminal. The difference be- 
tween the first type electric pulse applied to the common 
electrode, and the second type electric pulse applied to 
the segment electrode, is thus applied to a pressure 
generating element. Each electric pulse is applied sep- 
arately by the respective drive means to a pressure gen- 
erating element. As result, electric pulses of two differ- 
ent amplitudes can be selectively applied to a pressure 
generating element without complicated control. 
[0020] Preferred embodiments of the invention will be 
explained in detail below with reference to the drawings. 

Fig. 1 is a block diagram of an ink jet printer accord- 
ing to a preferred embodiment of the present 
invention. 

Fig. 2 is a birds'-eye view of an exemplary printing 
unit 90 shown in Fig. 1 . 

Fig. 3 is a cross sectional view of an exemplary ink 
jet head 30 shown in Fig. 1. 

Fig. 4 is a plan view of the ink jei huau 30 shown in 
Fig. 3. 

Fig. 5 is a partial cross sectional view used to de- 
scribe the operation of the ink jet head 30 
shown in Fig. 3. Fig. 5 (a) showing the stand- 
by state, (b) the ink intake state, and (c) the 
ink compression state. 

Fig. 6 is a circuit diagram of one example of the se- 
lection means 150 shown In Fig. 1 . 

Fig. 7 is a circuit diagram of one example of the driv- 
er 190 shown in Fig. 1. 

Fig. 8 is a logic table showing the relationship be- 
tween input signals and output signals of the 
driver 190 shown in Fig. 7. 

Fig. 9 is a timing chart of ink jet head operation dur- 
ing printing, and is used to describe an Inkjet 
printer drive method according to a preferred 
embodiment of the present invention. 



Fig. 10 is a flow chart used to describe an alternative 
embodiment of an ink jet printer drive method 
according to the present invention. 

s Fig. 11 is a timing chart showing various signals used 
in the ink jet printer drive method shown in 
Fig. 10. 

Fig. 1 2 is a timing chart of ink jet head operation dur- 
10 ing a nozzle recovery process according to 

an alternative embodiment of an ink jet printer 
drive method according to the present inven- 
tion. 

15 Fig. 13 is a timing chart of inkjet head operation dur- 
ing a nozzle recovery process in which a re- 
verse polarity drive pulse is applied according 
to an alternative embodiment of an ink jet 
printer drive method according to the present 

20 invention. 

[0021] The preferred embodiment of an ink jet printer 
according to the present invention is described below 
with reference to the accompanying figures. 

25 [0022] Fig. 1 is a block diagram of an ink jet printer 
according to a preferred embodiment of the present in- 
vention, and Fig. 2 is a birds'-eye view of an exemplary 
printing unit 90 shown in Fig. 1 . 
[0023] As shown in Fig. 1 , an ink jet printer according 

30 to the present invention comprises a printing unit 90 and 
a control unit 100 for controlling the printing unit 90 
based on an image signal transmitted from a host. 
[0024] The printing unit 90 is comprised as shown in 
Fig. 2 and described below. The recording paper 1 05 is 

S5 transported by a platen 300, and ink is supplied io the 
ink jet head 30 through an ink supply tube 306 from an 
ink tank 301 in which ink is stored. 
[0025] The ink jet head 301 comprises pressure gen- 
erating means such as piezoelectric elements, heating 

40 elements, or electrostatic actuators, and Is transported 
on a carriage 302. The carriage 302 is driven by a motor 
80 (Fig. 1), and moves in a direction perpendicular to 
the transportation direction of the recording paper 105. 
A pump 303 is used for an ink recovery process whereby 

45 ink from inside the ink jet head 30 is recovered to the 
waste ink tank 305 by pumping the ink through a cap 
304 located at the recovery ejection R position and 
waste ink recovery tube 308. It should be noted that this 
ink recovery process by means of the pump 303 is used 

so on ink jet heads which can no longer be refreshed by a 
recovery ejection process. This can occur when, for ex- 
ample, the ink jet printer has not printed for an extended 
period of time, or when air becomes trapped in a nozzle. 
[0026] The ink jet head 30 mounted on carriage 302 

55 travels between printing area P, which has approximate- 
ly the same width as platen 300, and the front of cap 
304 (recovery ejection position R). The ink jet head 30 
ejects ink for recording when traveling through printing 
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area P; the recovery ejection operation for preventing 
nozzle clogging is performed at recovery ejection posi- 
tion R. 

[0027] The cap 304 can advance towards ink jet head 
30 and retract from ink jet head 30. When ink is recov- 
ered from ink jet head 30, the cap 304 advances to cover 
the nozzles of the Ink jet head 30, and ink is ejected from 
all nozzles of the ink jet head 30 into the cap 304. Re- 
covery ejection can be accomplished without covering 
the nozzles with cap 304 when printing is in progress, 
and can be accomplished with the nozzles capped when 
the ink jet printer is in a standby state. 
[0028] The recovery ejection position R is also nor- 
mally used as the home position of carriage 302. When 
the ink jet printer is powered on, the nozzles are covered 
by cap 304, and the ink jet head 30 waits at the recovery 
ejection position R until a print command is received. 
[0029] The receive port 1 70 shown in Fig. 1 is a serial 
or parallel communications port for receiving an image 
signal from a host device. Image data contained in the 
image signal received through the receive port 170 is 
stored in a print pattern storage means 1 1 0 such as a 
RAM. When the print pattern storage means 110 is a 
RAM, data stored at a memory address specified by the 
print operation controller (CPU) 200 using signals such 
as an address signal and read/write signal is sequen- 
tially read and output. 

[0030] The recovery ejection data generator 1 60 gen- 
erates data for recovery ejection, i.e., generates the da- 
ta used to drive and eject ink drops from all nozzles, and 
outputs the data to the selector 150. The selector 150 
selects either the output of print pattern storage means 
1 1 0 or recovery ejection data generator 1 60, and passes 
the selected data to the drive signal generator 180. 
[0031] The drive signai generator 160 generates a 
drive data signal D1 to Dn for each nozzle N1 to Nn 
based on the selected data output from the selector 1 50. 
Drive data signal D1 to Dn defines the width and timing 
of the drive pulse applied to the pressure generating 
means of each nozzle, and is output synchronized to a 
timing pulse output from the print operation controller 
(CPU) 200. 

[0032] Memory 21 0 comprises a RAM for storing print 
commands and other data contained in the image sig- 
nal, and a ROM for storing the program controlling other 
components. As a result, the print operation controller 
(CPU) 200 accesses the program stored in memory 2 1 0 
to appropriately control the various components. 
[0033] The counter 220 is a timer or similar device for 
counting the amount of time following recovery ejection. 
When a prescribed period has passed, the counter 220 
outputs a time-up signal instructing output of the recov- 
ery ejection signal, or sets a flag to indicate that a pre- 
scribed period has elapsed. 

[0034] The ink jet head driver 1 90 boosts the drive sig- 
nal output from the drive signal generator 180 to drive 
the ink jet head 30. The other driver 1 95 drives the motor 
80. Operation of the motor 80 is controlled by a control 



signal from the CPU 200. 

[0035] The drive voltage selector 1 30 selects the drive 
pulse applied to the pressure generating means of the 
inkjet head 30. The drive pulse is either a high amplitude 

5 drive pulse causing ink drop ejection , or a low amplitude 
drive pulse for mobilizing ink inside the nozzles without 
ejecting ink drops. The drive voltage selector 130 con- 
trols the inkjet head driver 1 90 to apply a high amplitude 
drive pulse to any nozzle operated to eject ink for re- 

10 cording according to the drive signal output by the drive 
signal generator 1 80 s and to apply a low amplitude drive 
pulse to all other nozzles. 

Embodiment of an ink jet head used by the present 
15 invention 

[0036] Fig. 3 is a cross section of an ink jet head ap- 
propriate to the present invention, Fig. 4 is a plan view 
of said ink jet head, and Fig. 5 is a partial cross section 
20 thereof. 

[0037] As shown in the figures, this ink jet head 30 
has a three layer structure comprising a silicon nozzle 
plate 2 disposed on top of a silicon substrate 1 , and a 
borosilicate glass plate 3 having a thermal expansion 
25 coefficient substantially equal to that of silicon and being 
disposed below the silicon substrate 1 as shown in Fig. 
3. Etched into the surface (top surface 'as seen in Fig. 
3) of the middle silicon substrate 1 are recesses that 
function as a plurality of independent ink chambers 5 
30 and a common ink chamber 6 interconnected to each of 
the independent ink chambers 5 by means of corre- 
sponding ink supply paths 7. It should be noted that the 
formation of ink chambers 5, common ink chamber 6, 
and ink supply paths 7 is completed by covering the re- 
's 5 uesses, i.e., iiie butiaue Of silicon Substrate 1 , with the 
nozzle plate 2. 

[003B] A plurality of nozzles 1 1 is formed in the nozzle 
plate 2 at a position corresponding to an end part of each 
ink chamber 5. Each nozzle 11 is open to the corre- 

40 sponding ink chamber 5. An Ink supply opening 12 is 
formed through the glass plate 3 and the silicon sub- 
strate 1 . Ink is supplied from inktank301 (Fig. 2) through 
ink supply tube 306 (Fig. 2) to charge the common ink 
chamber 6 through ink supply opening 12. The ink 

45 charged into common ink chamber 6 is then supplied 
through ink supply paths 7 to the corresponding inde- 
pendent ink chambers 5. 

[0039] The bottom wall 8 of ink chamber 5 is thin, and 
functions as a diaphragm that can be flexibly displaced 

50 up and down as shown in Fig. 3. This bottom wall 8 part 
of ink chamber 5 is therefore alternatively referred to in 
the following description as diaphragm 8. 
[0040] The surface of borosilicate glass plate 3 bond- 
ed in contact with the bottom of silicon substrate 1 is 

55 also etched to form a plurality of shallow recesses 9 at 
positions corresponding to the ink chambers 5 in silicon 
substrate 1. The bottom wall 8 of each ink chamber 5 
therefore opposes the surface 92 of a corresponding re- 
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cess 9 with an extremely narrow gap in between. A sur- 
face projection 92b projecting from surface 92 toward 
bottom wall 8 is provided on the surface of recess 9 in 
the area of nozzle 1 1 . As a result, the gap between sur- 
face projection 92b and bottom wall 8b is less than the 5 
gap at other areas between surface 92 and bottom wall 
8a. 

[0041] The bottom wall 8 of each ink chamber 5 func- 
tions as an electrode for storing a charge. A segment 
electrode 10 is formed on recess surface 92 of glass 
plate 3 in a position opposite bottom wall 8 of each ink 
chamber 5. The surface of each segment electrode 10 
Is covered by an inorganic glass insulation layer 15 of 
thickness GO (see Fig. 5). As a result, each segment 
electrode 1 0 and the corresponding ink chamber bottom 
wall 8 form opposing electrodes having an insulation 
layer 15 disposed in between and an electrode gap that 
varies according to the location. More specifically, the 
electrode gap between these opposing electrodes is a 
distance G2 near the nozzle, and a distance G1 in other 
areas. 

[0042] As shown in Fig. 4, ink jet head driver 190 
charges and discharges the opposing electrodes ac- 
cording to the control signal output from the CPU 200 
and the drive signal output from drive signal generator 
1 80. The driver 1 90 outputs directly to each segment 
electrode 10, and directly to a common electrode termi- 
nal 22 formed on silicon substrate 1 . Impurities injected 
to silicon substrate 1 make the latter conductive : ena- 
bling common electrode terminal 22 to supply a charge 
to bottom wall 8. When it is necessary to supply a volt- 
age to the common electrode with lower resistance, a 
metallic thin-film or other conductive material can be 
formed on one surface of the silicon substrate 1 by such 

^r. t« nnna . I + l ~~ . Tk- «. '. M - 
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substrate 1 and borosilicate glass plate 3 are bonded in 
the present exemplary embodiment by anodic bonding : 
and a conductive film is therefore formed on the same 
surface of the silicon substrate 1 on which the ink path 
is formed. 

[0043] A cross section of the ink jet head through line 
Ill-Ill of Fig. 4 is shown in Fig. 5. When a drive voltage 
is applied from driver 1 90 to opposing electrodes, Cou- 
lomb force is produced in the opposing electrode gap : 
thus displacing the bottom wall (diaphragm) 8 toward 
segment electrode 10 and increasing the capacity of the 
ink chamber 5 (see Fig. 5 (b)) . When the driver 1 90 then 
causes the charge stored in the opposing electrodes to 
rapidly discharge, the elastic restoring force of the bot- 
tom wall 8 causes the bottom wall 8 to return to the orig- 
inal static position, thereby rapidly compressing the ca- 
pacity of the ink chamber 5 (Fig. 5 (c)). The pressure 
thus generated inside the ink chamber causes part of 
the ink charge in ink chamber 5 to be ejected as an ink 
drop from the nozzle 1 1 corresponding to that ink cham- 
ber. 

[0044] As described above, however, the opposing 
electrode gap has two portions, a portion with a small 



gap G2 and another portion with a large gap G1. It is 
therefore possible to displace bottom wall 8b of dia- 
phragm 8 located at small gap G2 to the opposing wail 
of surface projection 92b by applying a smaller drive 
voltage than is needed to displace bottom wall 8a at the 
large gap G1. 

[0045] Two vibration modes can therefore be 
achieved by appropriately applying a high drive voltage 
causing displacement of the entire diaphragm toward 
opposing wall surface 92, and a low drive voltage caus- 
ing displacement of only diaphragm bottom wall 8b at 
small gap G2. The vibration mode achieved by applying 
a high drive voltage causes diaphragm 8 to vibrate suf- 
ficiently to eject an ink drop, and the vibration mode 
achieved by applying a low drive voltage produces dia- 
phragm vibrations mobilizing ink around the nozzle. 

Drive circuit 

[0046] An exemplary embodiment of a drive circuit ac- 
cording to the present invention is described next below 
with reference to Figs. 6 to 8. Fig. 6 is a circuit diagram 
of a preferred embodiment of a selector 150 shown in 
Fig. 1 , and Fig. 7 is a circuit diagram showing the major 
components of a driver 190 comprising a drive voltage 
selection means. 

[0047] Referring to Fig. 6, a receive buffer 110 func- 
tions as the print pattern storage means shown in Fig. 
1 . Based on drive data signal D1 to Dn output from the 
selector 150, drive pulse signal generator 180 applies a 
drive signal to each nozzle N1 to Nn. It should be noted 
that receive buffer (print pattern storage means) 1 1 0, se- 
lector 1 50, and drive pulse signal generator 1 80 can be 
integrated into a single gate array. 

r/\r\ Am r> :. — i — ti *a r\ _* ■ :„». 
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data, outputs the data at a latch signal from the print 
operation controller (CPU) 200, and then obtains the 
next data set from the preceding stage. 
[0049] As shown in Fig. 6, selector 150 comprises two 
AND elements 152 and 153 and one OR element 154 
per nozzle. Based on a selection signal Se output from 
the CPU 200, the selector 150 selects either print data 
output from the receive buffer 110 s or recovery ejection 
data produced by recovery ejection data generator 1 60, 
and outputs to drive pulse signal generator 180. 
[0050] When the selection signal Se is low, NOT ele- 
ment 151 outputs high, resulting in a high input to AND 
element 152. As a result, the print data supplied from 
the receive buffer 1 1 0 to the other input of AND element 
152 is sent to the drive pulse signal generator 180. 
When the selection signal Se is high, the data from the 
receive buffer 1 1 0 is not output to the drive pulse signal 
generator 180, and the recovery ejection data is sent to 
the drive pulse signal generator 180. As a result, the 
data sent to the drive pulse signal generator 1 80 results 
in periodic ink drop ejection from all nozzles. 
[0051] A timing pulse Tp of a prescribed pulse width 
is applied to one input of each NAND element 181 of 
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drive pulse signal generator 180. Data signal D1 to Dn 
output from selector 150 is inverted by NOT element 
1 82, and the inverted data signal is applied to the other 
input of each NAND element 181. 
[0052] The ink jet head driver 1 90 comprises a driver 
1 90a for driving the common electrode terminal 22 (di- 
aphragm 8) side of the ink jet head, and a driver 1 90b 
for driving each segment electrode 10 based on the 
drive data signal D1 to Dn. Driver 1 90a switches the volt- 
age applied to the common electrode terminal 22 be- 
tween a voltage V1 and ground (0 V); driver 1 90b switch- 
es the voltage applied to the segment electrode 10 be- 
tween a second voltage V2 and ground (0 V). Note that 
V1 is greater than V2, and two different voltages, V1 and 
V1-V2, (or three voltages if 0 V is included) can be ap- 
plied to the opposing electrode gap (between the dia- 
phragm 8 and segment electrode 1 0). 
[0053] Driver 1 90a comprises primarily transistors Q1 
and Q2, and resistors R1 and R2. The timing pulse Tp 
is applied to the input terminal of the driver 1 90a. When 
the timing pulse Tp switches to the on state (high), tran- 
sistor Q1 is on, and voftage V1 is applied to common 
electrode terminal 22. When the timing pulse Tp is off 
(low), transistor Q1 is off, transistor Q2 is on, and the 
common electrode terminal 22 is connected to the 
ground (0 V). 

[0054] The other driver 190b comprises a plurality of 
circuits comprising primarily transistors Q3 and Q4 and 
resistors R3 and R4. Note that the number of these cir- 
cuits matches the number n of segment electrodes 10. 
Each input terminal of driver 190b is connected to an 
output terminal of drive pulse signal generator 180. 
When data Dx for an X-th nozzle 1 1 x goes high, i.e., 
when an ink drop is to be ejected from nozzle 11x, and 
timjnn pulse Tp goes on (high), transistor Q4 goes on 
and the corresponding segment electrode 10x is con- 
nected to ground (0 V). 

[0055] When data Dx for nozzle 11 x goes low, i.e., 
when an ink drop is not to be ejected from nozzle 11x s 
and timing pulse Tp goes on (high), transistor Q3 goes 
on and voltage V2 is applied to the corresponding seg- 
ment electrode 10x. 

[0056] A logic table showing the relationship between 
the timing pulse Tp, data signal Dx, and the potential of 
the opposing electrodes is shown in Fig. 8. As will be 
seen from this table, when timing pulse Tp and data sig- 
nal Dx are both high, the potential difference between 
the opposing electrodes is V1 . Charging thus causes the 
entire diaphragm 8 to be displaced toward the segment 
electrode as shown by state (1 ) in Fig. 8. When the tim- 
ing pulse Tp goes low from this state, the opposing elec- 
trodes become equipotential, the stored charge is dis- 
charged, and the diaphragm 8 returns to the original 
non-displaced position. This produces pressure inside 
ink chamber 5, which causes an ink drop to be ejected 
from nozzle 11 (state 2). 

[0057] When the timing pulse Tp is high and data sig- 
nal Dx is low, the potential difference of the opposing 



electrode gap is V1-V2, and the diaphragm 8 is dis- 
placed only in the area of the segment electrode area 
10b (state 3). When the timing pulse Tp then goes low 
from this state, the opposing electrode gap again be- 

5 comes equipotentiaL the stored charge is discharged, 
and the diaphragm 8 returns to the original non-dis- 
placed position. In this case, however, the amplitude of 
diaphragm 8 vibration is smaller than when the dia- 
phragm 8 returns from the state (1 ) position to the state 

10 (2) position. The pressure inside the ink chamber 5 
therefore does not rise sufficiently to eject an ink drop 
from the nozzle 11 , and vibration of diaphragm 8 results 
only in mobilizing ink around the nozzle 11 . 
[0058] The operation of the circuits comprised as 

15 above is described next below with reference to the tim- 
ing chart shown in Fig. 9. 

[0059] For printing, the selection signal Se output 
from the CPU 200 is low. A latch signal from the CPU 
200 sets the column print data that have been written 

20 into receive buffer 1 1 0 to the drive pulse signal genera- 
tor 180. The selection signal Se from the CPU 200 re- 
mains low while printing continues, thereby steadily sup- 
plying the column print data to the drive signal generator 
1 80 and therefrom to the driver 1 90. 

25 [0060] The timing pulse Tp input to drivers 1 90a and 
1 90b is a periodic pulse of period T and pulse width Pw 
as shown in Fig. 9. The time from the start of opposing 
electrode gap charging to the start of discharging is de- 
termined by pulse width Pw. 

30 [0061] The motor 80 for transporting carriage 302 is 
driven synchronized to timing pulse Tp, and the input of 
the latch signal to the receive buffer is synchronized to 
timing pulse Tp. 

[0062] Based on the print data, the data signal Dx in- 
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synchronized to the timing pulse Tp when an ink drop is 
to be ejected. The data signal Dx is therefore sequen- 
tially output high-low-low when dot 1 is printed and dots 
2 and 3 are not printed as shown in Fig. 9. This results 

40 in drive pulses of pulse width Pw and amplitude V, 
V1-V2, and V1 -V2 being sequentially applied to the op- 
posing electrode gap. This sequence of drive pulses 
causes ink drop ejection at dot 1 , and ink mobilization 
around the nozzle without Ink drop ejection at dots 2 and 

45 3. 

[0063] The simple circuit configuration of the present 
invention can thus apply a low amplitude drive pulse to 
non-ejecting nozzles only to mobilize ink around the 
nozzle and prevent a rise in the viscosity of ink around 

50 the nozzle while printing is in progress, and can accom- 
plish this without complicated control. It is therefore pos- 
sible to suppress a rise in the viscosity of ink in infre- 
quently used nozzles. This means that differences in 
viscosity at the nozzle tip resulting from differences in 

55 the frequency of nozzle use can be reduced, the interval 
between nozzle recovery operations can be increased, 
and wasteful consumption of ink during nozzle recovery 
can be reduced. The method of the present invention is 
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particularly effective in the case of a color ink jet printer 
having a plurality of nozzles grouped by color because 
a noticeable difference in the frequency of nozzle use 
occurs easily with such printers. 

[0064] Latch signal output from the CPU 200 stops 5 
and the printing process is interrupted during the nozzle 
recovery process. The ink jet head 30 is then moved to 
the recovery ejection position R, selection signal Se is 
set high, recovery ejection data causing all nozzles to 
eject periodically is set to the drive pulse signal gener- 
ator 1 80, and all nozzles are thus operated to eject plural 
times. 

[0065] If all data signals are held low and timing pulse 
Tp is applied while ink jet head 30 is moved to the re- 
covery ejection position FL a rise in the viscosity of ink 
around the nozzle can be suppressed by applying a low 
amplitude drive pulse causing mobilization of ink near 
the nozzle. 

[0066] It should be noted that an exemplary drive cir- 
cuit according to the preceding embodiment of the 
present invention has been described driving an ink jet 
head comprising an electrostatic actuator as a pressure 
generating means. The invention shall not be so limited : 
however, and the same effect can be achieved in ink jet 
heads in which a piezoelectric element, heating ele- 
ment, or other type of pressure generating means is 
used. More specifically, the present invention can apply 
two drive pulses of different amplitudes to such other 
types of ink jet heads. Displacement varies according to 
the voltage of the applied drive pulse when a piezoelec- 
tric element is used, and ink around the nozzle can 
therefore be mobilized without ink ejection. The amount 
of heat generated likewise varies with a heating ele- 
ment, and a low amplitude drive pulse can therefore 
again be used to mobilise ink around iht? nuzzle without 
ink ejection. 

Preferred embodiment of a control method 

[0067] A preferred embodiment of an ink jet printer 
control method according to the present invention is de- 
scribed next below with reference to the flow charts in 
Fig. 10. Note that the main routine is shown in Fig. 10 
(a), and a subroutine is shown in Fig. 1 0 (b). 
[0068] When the printer power is turned on, the con- 
trol unit 1 00 and printing unit 90 are initialized (step SO). 
Recovery process A is then accomplished (step S1) to 
expel any ink that had become more viscous during the 
period of printer non-use. Recovery process A applies 
suction to the capped nozzles using pump 303, and by 
this action removes ink that had become too viscous to 
eject from the nozzles. 

[0069] It should be noted here that recovery process 
B described below differs from recovery process A in 
that it applies a drive pulse to the pressure generating 
means to expel by forcing out from the nozzle ink that 
had increased in viscosity near the nozzle. 
[0070] After recovery process A is completed, counter 



220 is reset and begins counting a prescribed period. 
This counting operation is used to determine the pas- 
sage of a required minimum period, and to count the 
time elapsed from that minimum period. Output of a 
time-up signal is then detected (step S2) to determine 
whether the counter 220 has counted the prescribed 
time, that is, whether the prescribed period has elapsed. 
If the time-up signal is detected, recovery process B is 
performed (step S8). 

[0071 ] Recovery process B is shown as subroutine (b) 
comprising steps SS1 to SS3 in Fig. 1 0. This subroutine 
starts by moving carriage 302 carrying ink jet head 30 
to the home position, which is recovery ejection position 
R (step SS1 ). Recovery ejection (step SS2) then expels 
increased viscosity ink from all nozzles into the cap. Ink 
is generally ejected anywhere from several to several 
hundred times per nozzle to expel any defective, in- 
creased-viscosity ink from the nozzles. After ejection, 
the carriage is returned to the position from which it was 
moved to the recovery ejection position R (step SS3) to 
complete recovery process B. 

[0072] It should be noted that if the carriage is already 
positioned at the recovery ejection position R when the 
time-up signal is output, it is obviously not necessary to 
move the carriage (step SS1 can be skipped) before re- 
covery ejection in step SS2, and it is not necessary to 
move the carriage when recovery ejection is completed 
(step SS3 can be skipped). Thus, it is sufficient to simply 
eject ink from the nozzles while the nozzles remain 
capped. 

[0073] It should be further noted that the number of 
ink expulsions accomplished in recovery process B is 
determined in this embodiment by a prescribed time 
counted by counter 220. 
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it is determined (step S3) whether printing is to be ac- 
complished. If printing is not requested, step S3 loops 
back to step S2. 

[0075] If a print command signal has been received 
from a host device and printing is requested, recovery 
process B is performed (step S4) t and the counter 220 
is then reset (step S5). After the printing process is then 
accomplished (step S6), the carriage is returned to the 
home position (step S7), and the nozzles are capped. If 
the power is still on (step S9), the procedure then loops 
back to step S2. If the power is off (step S9), the proce- 
dure terminates. 

[0076] As thus described, a recovery process A using 
a pump to purge the nozzles is first accomplished when 
the power is turned on. Thereafter, a recovery process 
B to recover the nozzles by ejection is performed imme- 
diately before printing commences and at a prescribed 
regular interval when printing is not performed. 
[0077] It should be further noted that after recovery 
process A, the control method of the present invention 
applies a low amplitude drive pulse to all nozzles when 
not printing, and to the non-ejecting nozzles when print- 
ing, to constantly mobilize ink near the nozzles. As a 
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result, the frequency of recovery process B can be re- 
duced, and ink waste can be prevented, when com- 
pared with methods which do not apply this type of drive 
pulse. 

[0078] Fig. 1 1 is a timing chart of various signals used 
to achieve the embodiment of the invention described 
with reference to Fig. 10. 

[0079] Signal 40a indicates the power supply state; 
40b indicates the count of the counter 220, that is, the 
timer signal. The dot-dash line 40f indicates the time-up 
time counted by the timer signal 40b. The timer signal 
40b is indicative of a particular value such as time or a 
clock count. The time-up signal 40c is output by the 
counter 220 when the prescribed time is up. The print 
signal 40d is received through receive port 1 70. The re- 
covery process signal 40e is output appropriately by the 
CPU. 

[0080] When the CPU receives time-up signal 40c 
and print signal 40d, it instructs the various means 
shown in Fig. 1 to perform the recovery process accord- 
ing to the procedure of the flow chart shown in Fig. 10. 
[0081] When the power supply is turned on at a41. 
recovery process A is performed (e31 ). If the print signal 
40d is not received and the printer therefore does not 
print within a prescribed time, the time-up signal 40c is 
set high to a time-up state c41 . This causes recovery 
process B (e42) to be performed. Soon thereafter when 
a print signal occurs at d41 , the print signal 40d causes 
the counter 220 to be reset and the recovery process B 
(e51) to be performed. If no print signal 40d is detected 
thereafter for a sufficiently long period, the recovery 
process B is repeated (e43, e44, e45) each time the 
time-up signal 40c indicates the prescribed time has 
elapsed (c42, c43, c44). 

[0082] It should be noted that jf the time-up time 40f 
is short, the nozzle recovery process will be performed 
frequently, ink consumption will therefore increase, and 
the amount of ink available for printing will thus de- 
crease. As a result, the print capacity (number of print- 
able characters) per head or cartridge decreases. Con- 
versely, if the time-up time 40f is too long, the amount 
of unusable ink in the nozzles increases, and the 
amount of ink that must be ejected in recovery process 
B immediately before printing increases. 
[0083] As described above, however, the control 
method of the present invention causes a low amplitude 
drive pulse to be applied to all nozzles during non-print- 
ing times to mobilize ink around the nozzles. When com- 
pared with methods in which such a drive pulse is not 
applied, the method of the present invention can there- 
fore set the time-up time 40f to a longer time without 
increasing the ink volume ejected during recovery proc- 
ess B. More specifically, the control method of the 
present invention can decrease the frequency of the 
nozzle recovery process and thereby prevent ink waste. 
[0084] As also described above, the method of the 
present invention uses a time-up signal 40c output by a 
counter 220, and a print signal 40d received from a host 



device, as triggers for initiating the recovery process B. 
It will be obvious, however, that it is also possible to use 
only one of these signals as the trigger for recovery proc- 
ess B. For example, the time-up signal could be used 

5 as a trigger for recovery process A, and only the print 
signal could be used as a trigger for recovery process 
B. In this case, recovery process B could be performed 
to eject ink several ten times preceding a printing proc- 
ess when a print signal is received from a host, recovery 

10 process B could be performed to eject several times af- 
ter printing a prescribed number of lines, and recovery 
process A could be triggered by the time-up signal. 



Preferred embodiment of a drive pulse for a nozzle 
*5 recovery process 



[0085] Fig. 12 is a timing chart of an exemplary drive 
pulse used for a nozzle recovery process according to 
the present invention. 

20 [0086] Note that the circuit diagrams shown in Fig. 6 
and Fig. 7 are appropriately referenced in the following 
description of an exemplary drive pulse applied to an ink 
jet head during a nozzle recovery process according to 
the present invention. 

25 [0087] As shown by the waveform in Fig. 12, line (2), 
the timing pulse Tp is a regular sequence of pulses t1 
to tn having a period T and a prescribed pulse width Pw. 
Note that this timing pulse Tp is also used for ink jet head 
drive during a printing process. 

30 [0088] The recovery ejection signal Pd shown at Fig. 
12, line (1), is input to selector 150 and output to drive 
signal generator 180 at the nozzle recovery process. 
Based on this recovery ejection signal Pd, driver 190 
applies a drive pulse as shown at Fig. 12, line (3), to ink 
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during the nozzle recovery process. Note that the recov- 
ery ejection signal Pd of this embodiment is output syn- 
chronized to the timing pulse Tp with one on pulse out- 
put every fourth timing pulse Tp. 

40 [0089] Note that the drive voltage applied to the ink 
jet head is indicated by the amplitude (vertical axis) of 
the drive pulse shown in Fig. 12 (3). 
[0090] The drive pulses f 1 , 12, f3, and f4 output at tim- 
ing points t4, t8. t12, and t16 are drive pulses causing 

45 ink ejection from the nozzles. The drive voltage of those 
drive pulses therefore has the same amplitude VH as a 
drive pulse used for printing. The amplitude of drive 
pulses f11 , f12, f13, f21 , f22 ; f23, f31 , f32, f33, f41 , f42, 
and f43 output at the same period T as timing pulse Tp 

50 between ink ejection drive pulses is an amplitude VL 
lower than amplitude VH. 

[0091] As a result of this drive method, the ink jet head 
is driven threetimes at drive pulse VL atthesame period 
T as the timing pulse Tp : and the ink jet head is then 
55 driven once at drive voltage VH. This operating se- 
quence, or recovery process unit, is repeated four times. 
[0092] Driving the ink jet head with low amplitude 
drive pulses f11, f21, and f13 mobilizes ink inside the 
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nozzles, thereby lowering the ink viscosity at the nozzle 
tip, and enabling efficient ink ejection when drive pulse 
f1 is applied. 

[0093] It should be noted that the exemplary embod- 
iment of the present invention described above applies 
three low amplitude drive pulses followed by one high 
amplitude drive pulse in one recovery process unit, and 
repeats this recovery process unit four times. The inven- 
tion shall not be so limited, however, as it will be obvious 
that various combinations of low and high amplitude 
drive pulses can be used according to the properties of 
the Ink, the interval between nozzle recovery processes, 
and other factors. 

[0094] An alternative embodiment of an exemplary 
drive pulse used for a nozzle recovery process accord- 
ing to the present invention is shown in Fig. 13(1). 
[0095] Before a drive pulse g1 of drive voltage VH for 
ejecting ink is applied, a drive pulse g11 , g12, g13, and 
g14 of a drive voltage VLL having a polarity different 
from that of drive pulse g1 is applied four times. This 
sequence constitutes one recovery process unit, which 
is repeated three times. Note that this drive wave can 
be achieved using a circuit as shown in Fig. 7 by setting 
the voltage V2 supplied to driver 190b higher than the 
voltage supplied to driver 1 90a so that VLL = V2 - V1 . 
[0096] When an electrostatic actuator is used as the 
pressure generating means shown in Fig. 3 : driving re- 
sults in accumulation of a residual charge in the actua- 
tor. This causes a problem unique to an electrostatic ac- 
tuator, that is, that the diaphragm may not return when 
the charge between the opposing electrodes is dis- 
charged, and the volume of the ink drops ejected from 
the nozzle then gradually decreases. 
[0097] The method of the present invention, however, 
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site that of the drive pulse g1 . Applying these drive puls- 
es g1 1 to g14 to drive the head can both mobilize ink in 
the nozzle to enable efficient ink ejection when drive 
pulse f1 is applied, and reduce the residual charge ac- 
cumulated in the electrostatic actuator. 
[0098] A further alternative embodiment of an exem- 
plary drive pulse used for a nozzle recovery process ac- 
cording to the present invention is shown in Fig. 13 (2). 
[0099] In this example drive pulses f11 , f12, and f 13 
of drive voltage VL are applied before drive pulse f1 of 
drive voltage VH is applied to eject ink. After drive pulse 
f1 Is applied, reverse polarity drive pulses g11 and g12 
of drive voltage VLL are applied to complete a recovery 
process unit, and this recovery process unit is repeated 
three times. 

[0100] As this example illustrates, it is also possible 
to combine drive pulses f 1 1 to f 1 3 for mobilizing ink near 
the nozzles, with drive pulses g1 1 and g12 for both mo- 
bilizing ink near the nozzles and reducing the residual 
charge accumulated in the electrostatic actuator. 
[0101] An ink jet printer according to the present in- 
vention as described above can be used as an output 
terminal for a computer, a color printing apparatus, and 



a facsimile machine, and is particularly well suited as an 
ink jet recording apparatus for use in fields requiring low 
operating cost and high reliability. 



Claims 

1 . A method of driving an ink jet printer comprising a 
plurality of nozzles (11) for ejecting ink drops, acor- 

10 responding plurality of pressure generating means 
(8,10) for pressurizing ink in the respective nozzles, 
and means (80) for transporting said nozzles rela- 
tive to a printing medium for printing on the printing 
medium in accordance with print data, said method 

15 comprising the steps of 

generating a reference signal of a single fre- 
quency, 

applying to each of said pressure generating 
means synchronized to the reference signal either 

20 a first type electric pulse of an amplitude enabling 
ink drop ejection, or a second type electric pulse of 
an amplitude lower than that of the first type electric 
pulse for mobilizing ink inside a nozzle, 

performing a printing process wherein said 

25 first type electric pulse is selectively applied to said 
pressure generating means according to said print 
data, and 

performing a nozzle recovery process to pre- 
vent nozzle clogging by applying to said pressure 

30 generating means two or more consecutive pulse 
cycles each pulse cycle consisting of a series of 
second type electric pulses followed by one first 
type electric pulse said recovery process being per- 
formed in response to a print command instructing 

35 printing to be performed. 

2. The method according to claim 1 , wherein said ink 
jet printer is a serial printer and said nozzle recovery 
process is executed once every print line. 

40 

3. The method according to claim 1 , wherein said noz- 
zle recovery process is executed each time after a 
print command is received and before printing fol- 
lowing this print command is executed. 

45 

4. The method according to according to any one of 
the preceding claims for driving an ink jet printer 
comprising electrostatic pressure generating 
means each having a diaphragm (8) disposed in a 

so part of an ink path contiguous to a nozzle (11), and 
an electrode (1 0) opposing said diaphragm, where- 
in the polarity of the second type electric pulse is 
different from the polarity of the first type electric 
pulse. 

55 

5. The method according to according to any one of 
claims 1 to 3 for driving an ink jet printer comprising 
electrostatic pressure generating means each hav- 
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ing a diaphragm (8) disposed in a part of an ink path 
contiguous to a nozzle (11), and an electrode (10) 
opposing said diaphragm, wherein a third type elec- 
tric pulse of a polarity different from that of the first 
type electric pulse and that of the second type elec- 
tric pulse is generated, and said recovery process 
comprises applying said third type pulse subse- 
quently to said first type pulse synchronized to the 
reference signal. 

6. The method according to any one of claims 1 to 4 
for driving an ink jet printer comprising electrostatic 
pressure generating means each having a dia- 
phragm (8) disposed in a part of an ink path contig- 
uous to a nozzle (11), and an electrode (10) oppos- 
ing said diaphragm, comprising the further steps of 

performing said printing process by applying 
the first type electric pulse selectively to said pres- 
sure generating means according to said print data 
so as to eject ink drops from the respective nozzles 
for printing on the recording medium, and 

applying the second type electric pulse to noz- 
zles other than the nozzles to which the first type 
electric pulse was applied during said printing. 

7. An ink jet printer having a plurality of nozzles (11) 
for ejecting ink drops, a corresponding plurality of 
pressure generating means (8, 10) for pressurizing 
ink in the respective nozzles, and means (80) for 
transporting said nozzles relative to a printing me- 
dium for printing on the printing medium in accord- 
ance with print data, and comprising 

reference signal generation means (200) for 
generating a reference signal of a single frequency. 

drive means (130, 190) for applying to each 
of said pressure generating means synchronized to 
the reference signal either a first type electric pulse 
of a first amplitude enabling ink drop ejection, or a 
second type electric pulse of a second amplitude 
lower than the first amplitude for mobilizing ink in- 
side a nozzle, 

printing means ( 1 1 0, 1 50 , 1 80 : 1 90) for selec- 
tively applying the first type electric pulse to said 
pressure generating means according to the re- 
cording content, and 

recovery process means (1 60, 1 50, 1 80, 1 90) 
for preventing nozzle clogging said recovery proc- 
ess means being responsive to a print command 
instructing printing to be performed for applying to 
the pressure generating means two or more con- 
secutive pulse cycles each pulse cycle consisting 
of a series of second type electric pulses followed 
by one first type electric pulse. 

8. The ink jet printer according to claim 7, wherein the 
pressure generating means comprises a diaphragm 
(8) disposed in a part of an ink path contiguous to 
a nozzle (11), and an electrode (10) opposing said 



diaphragm for electrostatically displacing the dia- 
phragm by means of an applied electric pulse. 

9. The i nk jet printer according to claim 8 , wherein said 
5 pressure generating means comprises a first and a 

second pari, said first part being constituted by a 
first portion (8b) of said diaphragm (8) and a first 
portion (1 0b) of said electrode (10) and said second 
part being constituted by a second portion (8a) of 
10 said diaphragm and a second portion (1 0a) of said 
electrode, said first part being disposed nearer to 
said nozzle (11) than said second part and respon- 
sive to said first and said second amplitude while 
said first part is responsive only to said first ampli- 
fy tude. 

10. The ink jet printer according to any one of claims 7 
to 9, further comprising drive means (190) for gen- 
erating the second type electric pulse having a po- 

20 larity different from the polarity of the first type elec- 
tric pulse. 

11 . The ink jet printer according to claim 8 or 9, further 
comprising drive means (1 90) for generating a third 

25 type electric pulse of a polarity different from that of 
the first type electric pulse and that of the second 
type electric pulse, and applying any one of these 
electric pulses to a pressure generating means syn- 
chronized to the reference signal. 

30 

12. The ink jet printer according to claim 7, 8 or 9, further 
comprising printing means for selectively applying 
the first type electric pulse to said pressure gener- 
ating means according to the recording content to 

-5 eject ink drops from a nozzle for printing on a re- 
cording medium, and applying the second type 
electric pulse to nozzles other than the nozzles to 
which the first type electric pulse was applied during 
printing. 

40 

13. The Inkjet printer according to any one of claims 7 
to 12, further comprising a plurality of nozzles 
grouped according to color for ejecting ink drops in 
a plurality of colors. 

45 

Patentansp ruche ) 

1. Verfahren zum Treiben eines Tintenstrahldruckers 
so mit einer Mehrzahl von Dusen (11) zum AusstoBen 
vonTintentropfen, einer entsprech en den Mehrzahl 
von Druckerzeugungsmitteln (8, 10) zum unter 
Druck Setzen von Tinte in den jeweiligen Dusen, 
und Mitteln (80) zum Transportieren der Dusen in 
55 Bezug auf ein Druckmedium zum Drucken auf das 
Druckmedium entsprechend Druckdaten, wobei 
das Verfahren folgende Schritte umfasst: 
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Erzeugen eines Referenzsignals mit einer ein- 
zigen Frequenz, 

Anlegen an jedes Druckerzeugungsmittel, syn- 
chronisiert mit dem Referenzsignal, entweder 
eines elektrischen Impulses eines ersten Typs 5 
mit einer den AusstoB eines Tintentropfens er- 
moglichenden Amplitude Oder eines elektri- 
schen Impulses eines zweiten Typs mit einer 
niedrigeren Amplitude als der des elektrischen 
Impulses vom ersten Typ zum Beweglichma- 10 
chen von Tinte Innerhalb einer Duse, 
Durchfuhren eines Druckprozesses, wobei der 
elektrische Impuls des ersten Typs selektiv an 
die Druckerzeugungsmittel entsprechend den 
Druckdaten angelegt wird, und 15 
Durchfuhren eines Dusenwiederherstellungs- 
prozesses zum Verhindern von Dusenverstop- 
fung durch Anwenden zweier Oder mehrerer 
aufeinanderfolgender Impulszyklen auf die 
Druckerzeugungsmittel, wobei jeder Impulszy- 20 
klus aus einer Serie von elektrischen Impulsen 
des zweiten Typs, gefolgt von einem elektri- 
schen Impuls des ersten Typs besteht wobei 
der Wiederherstellungsprozess in Reaktion auf 
einen Druckbefehl durchgefuhrt wird, der das 25 
Durchfuhren von Drukken anordnet. 

Verfahren nach Anspruch 1 , bei dem der Tinten- 
strahldrucker ein serieller Drucker ist und der Du- 
senwiederhersteilungsprozess einmal pro Druck- 30 
zeile durchgefuhrt wird. 

Verfahren nach Anspruch 1 , bei dem der Dusenwie- 
derherstellungsprozess jedesmal durchgefuhrt 
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ist und bevor das auf diesen Druckbefehl folgende 
Drucken durchgefuhrt wird. 

Verfahren nach einem dervorhergehenden Anspru- 
che zum Treiben eines Tintenstrahldruckers mit 40 
elektrostatischen Druckerzeugungsmitteln, die je- 
weils eine Membran (8), die in einem an eine Duse 
(1) angrenzenden Teil eines Tmtenweges angeord- 
net ist, und eine der Membran gegeniiberliegende 
Elektrode (10) aufwelsen, wobei die Polaritat des 45 
elektrischen Impulses vom zweiten Typ von der Po- 
laritat des elektrischen Impulses vom ersten Typ 
verschieden ist. 

Verfahren nach einem beliebigen der Anspruche 1 so 
bis 3 zum Treiben eines Tintenstrahldruckers mit 
elektrostatischen Druckerzeugungsmitteln, die je- 
weils eine in einem an eine Duse (11) angrenzen- 
den Teil eines Tintenweges angeordnete Membran 
(8) und eine der Membran gegeniiberliegende Elek- ss 
trode (10) aufweisen. wobei ein elektrischer Impuls 
eines dritten Typs mit einer Polaritat, die von der 
des elektrischen Impulses vom ersten Typ und der 



des elektrischen Impulses vom zweiten Typ ver- 
schieden ist, erzeugt wird und der Wiederherstel- 
lungsprozess das Anlegen des dritten Impulses an- 
schlieBend an den Impuls vom ersten Typ synch ro- 
nisiert mit dem Referenzsignal umfasst. 

6. Verfahren nach einem beliebigen der Anspruche 1 
bis 4 zum Treiben eines Tintenstrahldruckers mit 
elektrostatischen Druckerzeugungsmitteln, die je- 
weils eine Membran (8), die in einem an eine Duse 
(11) angrenzenden Tell eines Tintenweges ange- 
ordnet ist, u nd eine der Membran gegeniiberliegen- 
de Elektrode (10) umfassen, ferner mit den Schrit- 
ten: 

Durchfuhren des Druckprozesses durch Anle- 
gen des elektrischen Impulses vom ersten Typ 
selektiv an die Druckerzeugungsmittel entspre- 
chend den Druckdaten, um Tintentropfen aus 
den jeweiligen Dusen zum Drucken auf das 
Aufzeichnungsmedium auszustoBen, und 
Anlegen des elektrischen Impulses vom zwei- 
ten Typ an andere Diisen als die, an die wah- 
rend des Druckens der elektrische Impuls vom 
ersten Typ angelegt wurde. 

7. Tintenstrah I drucker mit einer Mehrzahl von Dusen 
(11) zum AusstoBen von Tintentropfen, einer ent- 
sprechenden Mehrzahl von Druckerzeugungsmit- 
teln (8,10) zum unter Druck Setzen von Tinte in den 
jeweiligen Diisen, und Mitteln (80) zum Transpor- 
tieren der Dusen in Bezug auf ein Druckmedium 
zum Drucken auf das Druckmedium entsprechend 
Druckdaten, mit: 

Referenzsignalerzeugungsmitteln (200) zum 
Erzeugen eines Referenzsignal mit einer einzi- 
gen Frequenz, 

Treibermitteln (130, 190) zum Anlegen an je- 
des der Druckerzeugungsmittel, synchronisiert 
mit dem Referenzsignal, entweder eines elek- 
trischen Impulses eines ersten Typs mit einer 
ersten Amplitude, die den AusstoB eines Tin- 
tentropfens ermoglicht, oder eines elektrischen 
Impulses eines zweiten Typs mit einer zweiten 
Amplitude, die niedriger als die erste Amplitude 
ist, zum Beweglichmachen von Tinte innerhalb 
einer Duse, 

Druckmitteln (110, 150, 180, 190) zum selekti- 
ven Anlegen des elektrischen Impulses vom er- 
sten Typ an die Druckerzeugungsmittel ent- 
sprechend dem Aufzeichnungsinhalt, und 
Wiederherstellungsprozessmitteln (160, 150, 
180, 190) zum Verhindern von Diisenverstop- 
fung, wobei diese Wiederherstellungspro- 
zessmittel auf einen Druckbefehl. der die 
Durchfuhrung von Drucken anordnet, reagie- 
ren mit Anlegen von zwei oder mehr aufeinan- 
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derfolgenden Impulszyklen an die Druckerzeu- 
gungsmittel, wobei jeder Impulszyklus aus ei- 
ner Serie von elektrischen Impulsen des zwei- 
tenTyps, gefolgtvon einem elektrischen Impuls 
des ersten Typs besteht. 

8. Tintenstrahldrucker nach Anspruch 7, bei dem das 
Druckerzeugungsmittel eine in einem an eine Duse 
(11) angrenzenden Teil eines Tintenweges ange- 
ordnete Membran (8) und eine der Membran ge- 
genuberliegende Elektrode (10) zum elektrostati- 
schen Auslenken der Membran durch einen ange- 
legten elektrischen Impuls umfasst. 

9. Tintenstrahldrucker nach Anspruch 8, bei dem das 
Druckerzeugungsmittel einen ersten und einen 
zweiten Teil umfasst, wobei der erste Teil durch ei- 
nen ersten Abschnitt (8b) der Membran (8) und ei- 
nen ersten Abschnitt (10b) der Elektrode gebildet 
ist und der zweite Teil durch einen zweiten Abschnitt 
(8a) der Membran und einen zweiten Abschnitt 
(1 0a) der Elektrode gebildet ist, wobei der erste Teil 
naher an der Duse (1 1 ) als der zweite Teil angeord- 
net ist und auf die erste und zweite Amplitude rea- 
giert, wahrend der erste Teil nur auf die erste Am- 
plitude reagiert. 

10. Tintenstrahldrucker nach einem der Anspruche 7 
bis 9, ferner mit Treibermitteln (1 90) zum Erzeugen 
des elektrischen Impulses des zweiten Typs mit ei- 
nervon der Polaritat des elektrischen Impulses des 
ersten Typs verschiedenen Polaritat. 

11. Tintenstrahldrucker nach Anspruch 8 oder9, ferner 
mit Treibermitteln (190) zum Erveugen eines elek- 
trischen Impulses eines dritten Typs mit einer Pola- 
ritat, die von der des elektrischen Impulses des er- 
sten Typs und der des elektrischen Impulses des 
zweiten Typs verschieden ist, und zum Anlegen ei- 
nes beliebigen dieser elektrischen Impulse an ein 
Druckerzeugungsmittel synchronisiert mit dem Re- 
ferenzsignal. 

12. Tintenstrahldrucker nach Anspruch 7, 8 Oder 9, fer- 
ner mit Druckmitteln zum selektiven Anlegen des 
elektrischen Impulses^ des ersten Typs an die 
Druckerzeugungsmittel entsprechend dem Auf- 
zeichnungsinhaft, urn Tropfen aus einer Duse zum 
Drucken auf ein Aufzeichnungsmedium auszusto- 
(3en, und zum Anlegen des elektrischen Impulses 
des zweiten Typs an andere Dusen als die, an die 
wahrend des Druckens der elektrische Impuls des 
ersten Typs angelegt wurde. 

13. Tintenstrahldrucker nach einem der Anspruche 7 
bis 12, ferner mit einer Mehrzahl von nach Faroe 
gruppierten Dusen zum AusstoGen von Tintentrop- 
fen in einer Mehrzahl von Farben. 



Revendications 

1 . Procede de commande d'une imprimante a jet d'en- 
cre comprenant une pluralite de buses (11) desti- 

5 nees a ejecter des gouttes d'encre. une pluralite 

correspondante de moyens generant une pression 
(8, 1 0) destines a mettre sous pression Tencre dans 
les buses respectives, et un moyen (80) destine a 
deplacer les buses par rapport a un support d'im- 

10 pression pour permettre I'impression sur le support 
d'impression conformement aux donnees depres- 
sion, le procede comprenant les etapes consistant 
a: 

15 generer un signal de reference ayant une uni- 

que frequence, 

appliquer a chacun des moyens generant une 
pression, en synchronisme avec le signal de re- 
ference, soit une impulsion electrique d'un pre- 
20 mier type ayant une amplitude permettant 

rejection des gouttes d'encre, soit une impul- 
sion electrique d'un deuxieme type ayant une 
amplitude inferieure a celle de I'impulsion elec- 
trique du premiertype de facon a activer I'encre 
25 a I'interieur d'une buse, 

executer un processus d'impression, dans le- 
quel I'impulsion electrique du premier type est 
appliquee de maniere selective aux moyens 
generant une pression en fonction des don- 
so nees d'impression, et 

executer un processus de regeneration des bu- 
ses afin d'empecher un colmatage de ces der- 
nieres en appliquant aux moyens generant une 
pression deux cycles d'impulsions successifs 
35 ou plus, chaque cycle d' impulsions se compo- 

sant d'une serie d'impulsions electriques du 
deuxieme type suivie d'une impulsion electri- 
que du premier type, le processus de regene- 
ration etant execute en reponse a une com- 
40 mande d'impression indiquant I'impression a 

executer. 

2. Procede selon la revendication 1 , dans lequel I'im- 
primante a jet d'encre est une imprimante par ca- 

45 ractere et le processus de regeneration des buses 
est execute une fois par ligne imprimee. 

3. Procede selon la revendication 1 , dans lequel le 
processus de regeneration des buses est execute 

so apres la reception de chaque commande d'impres- 
sion et avant I'execution de I'impression suivantcet- 
te commande d'impression. 

4. Procede selon I'une quelconque des revendications 
55 precedentes pour commander une imprimante a jet 

d'encre comprenant des moyens generant une 
pression electrostatique, chaque moyen ayant un 
diaphragme (8) dispose dans une partie d'un che- 
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min d'encre contigu a une buse (11) et une electro- 
de (10) opposee au diaphragme, dans lequel la po- 
larite de ['impulsion electrique du deuxieme type est 
differente de celle de I'impulsion electrique du pre- 
mier type. 5 

5. Procede selon Tune quelconque des revendications 
1 a 3 pour commander une imprimante a jet d'encre 
comprenant des moyens generant une pression 
electrostatique, chaque moyen ayant un diaphrag- 10 
me (8) dispose dans une partle d'un chemin d'encre 
contigu a une buse (11) et une electrode (10) oppo- 
see au diaphragme, dans lequel une impulsion 
electrique d'un troisieme type, dont la polarite est 
differente de celle de I'impulsion electrique du pre- 15 
mier type et celle de I'impulsion electrique du 
deuxieme type, est generee. et le processus de re- 
generation comprend I'application de I'impulsion du 
troisieme type apres i'impulsion du premier type en 
synchronisme avec le signal de reference. 20 

6. Procede selon Tune quelconque des revendications 
1 a 4 pour commander une imprimante a jet d'encre 
comprenant des moyens generant une pression 8. 
electrostatique, chaque moyen ayant un diaphrag- 25 
me (8) dispose dans une partie d'un chemin d'encre 
contigu a une buse (11 ) et une electrode (10) oppo- 
see au diaphragme, comprenant les etapes supple- 
mentaires consistant a 

executer le processus d'impression en appli- 30 
quant I'impulsion electrique du premier type de ma- 
niere selective aux moyens generant une pression 
conformement aux donnees d'impression de facon 9. 
que des gouttes d'encre soient ejectees des buses 
respectives pour effect imr ('impression sur !e sup- 35 
port d'enregistrement, et 

appliquer I'impulsion electrique du deuxieme 
type aux buses autres que celles sur lesquelles I'im- 
pulsion electrique du premier type a et6 appiiqute 
pendant I'impression. 40 

7. Imprimante a jet d'encre comprenant une plurality 
de buses (11) destinees a ejecter des gouttes d'en- 
cre, une pluralite correspondante de moyens gene- 
rant une pression (8, 10) destines a mettre sous 
pression I'encre dans les buses respectives, et un 

moyen (80) destine a deplacer les buses par rap- 10. 
port a un support d'impression pour permettre I'im- 
pression sur le support d'impression conformement 
aux donnees d'impression, et comprenant : so 

un moyen pour generer un signal de reference 
(200) destine a generer un signal de reference 
ayant une unique frequence, 11. 
des moyens de commande (1 30, 1 90) pour ap- 55 
pliquer a chacun des moyens generant une 
pression, en synchronisme avec le signal de re- 
ference, soit une impulsion electrique d'un pre- 



mier type ayant une amplitude permettant 
Rejection des gouttes d'encre, soit une impul- 
sion electrique d'un deuxieme type ayant une 
deuxieme amplitude inferieure a la premiere 
amplitude de facon a activer I'encre a I'interieur 
d'une buse, 

des moyens d'impression (110, 150, 180, 190) 
permettant d'appliquer de maniere selective 
I'impulsion electrique du premier type aux 
moyens generant une pression en fonction du 
contenu de I'enregistrement. et 
des moyens pour executer un processus de re- 
generation (160, 150, 180, 190) afin d'empe- 
cher un colmatage des buses, le processus de 
regeneration etant sensible a une commande 
d'impression indiquant I'impression a executer, 
afin d'appliquer aux moyens generant une 
pression deux cycles d'impulsions successifs 
ou plus, chaque cycle d'impulsions se compo- 
sant d'une serie d'impulsions electriques du 
deuxieme type suivie d'une impulsion electri- 
que du premier type. 

Imprimante a jet d'encre selon la revendication 7, 
dans laquelle les moyens generant une pression 
comprennent un diaphragme (8) dispose dans une 
partie d'un chemin d'encre contigu a une buse (11) 
et une electrode (10) opposee au diaphragme, de 
facon a deplacer le diaphragme de maniere elec- 
trostatique au moyen d'une impulsion electrique ap- 
pliquee. 

Imprimante a jet d'encre selon la revendication 8, 
dans laquelle les moyens generant une pression 

rnmnrAnnpnt nno nromigro nartjo at ij n o ciO'JXiC.TiO 

partie, la premiere partie etant constitute d'une pre- 
miere portion (8b) du diaphragme (8) et d'une pre- 
miere portion (10b) de I'electrode (10) et la deuxie- 
me partie etant constitute d'une deuxieme portion 
(8a) du diaphragme (8) et d'une deuxieme portion 
(10a) de I'electrode, la premiere partie etant dispo- 
see plus pres de la buse (1 1 ) que la deuxieme partie 
et sensible aux premiere et deuxieme amplitudes, 
alors que la premiere partie est sensible unique- 
ment a la premiere amplitude. 

Imprimante a jet d'encre selon Tune quelconque 
des revendications 7 a 9, comprenant en outre un 
moyen de commande (1 90) destine a generer I'im- 
pulsion electrique du deuxieme type ayant une po- 
larite differente de celle de I'impulsion electrique du 
premier type. 

Imprimante a jet d'encre selon la revendication 8 ou 
9, comprenant en outre un moyen de commande 
(190) destine a generer I'impulsion electrique du 
troisieme type ayant une polarite differente de celle 
de I'impulsion electrique du premier type et de celle 
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de I'impulsion electrique du deuxieme type, et a ap- 
pliquer Tune quelconque de ces impulsions electri- 
ques aux moyens generant une pression, en syn- 
chronisme avec le signal de reference. 

5 

12. Imprimante a jet d'encre selon la revendication 7, 8 
ou 9, comprenant en outre des moyens d'impres- 
sion permettant d'appliquer de maniere selective 
Timpulsion electrique du premier type aux moyens 
generant une pression en fonction du contenu de 10 
I'enregistrement afin d'ejecter des gouttes d'encre 
d'une buse pour effectuer I'impression sur un sup- 
port d'enregistrement et d'appliquer Timpulsion 
electrique du deuxieme type aux buses autres que 
celles sur lesquelles I'impulsion electrique du pre- 15 
mier type a ete appliquee pendant I'impression. 

13. Imprimante a jet d'encre selon Tune quelconque 
des revendications 7 a 12, comprenant en outre une 
pluralite de buses groupees par couleur afin d'ejec- 20 
ter des gouttes d'encre ayant une pluralite de cou- 
leurs. 
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